Background: The National Institute for Clinical Excellence (NICE) has produced guidelines on the early management of head injury. This study audits the process of the management of patients with head injury presenting at Accident and Emergency (A&E) departments and examines the impact upon resources of introducing NICE guidelines for eligibility of a CT scan.
Background
The National Institute for Clinical Excellence (NICE) has produced guidelines entitled 'Head Injury in Infants, Children and Adults: Triage, Assessment, Investigation and Early Management' [1] . In the document, guidelines are presented which recommend good practice in Accident and Emergency (A&E) assessment and, specifically, what are the indicators for a Computerised Tomography (CT) scan ( Figure 1 ). CT scanning is almost 100% sensitive and specific for the identification of intracranial complications. In comparison, a skull x-ray is 38% sensitive and 95% specific for skull fracture [2] . One reason for this poor sensitivity is the unreliability of the interpretation of the x-ray by under-pressure A&E clinicians.
The identification of intracranial complications is important as such problems are not rare. In one study, 47% of patients admitted to hospital with a head injury were found to have a disability one year post-injury [3] . The problem of identifying high-risk patients was first tackled in 1984 with the introduction of UK-wide guidelines [4] . They were based mainly on the level of consciousness to establish whether head injured patients were at high or low risk of intracranial complications. Skull x-ray was the main investigation as skull fracture was considered to be a risk factor for intracranial complications. The guidelines have since been modified to include CT scanning, using the Glasgow Coma Scale (GCS) and presence of a skull fracture as well as various other clinical factors [5] .
Given the incidence of head injury in the United Kingdom [3] the proposed indicators for CT in the NICE document have a number of practice and resource implications both with respect to the information needs which underpin the indicators, as well as in the potential demand for the CT scan. Current practice would appear to reserve CT NICE guidelines for a) early management of head injury and for b) the need for a CT scan • The priority is stabilisation of airways, breathing and circulation. 
Methods
A retrospective clinical audit was undertaken at two northern District General Hospitals, which form a single NHS Trust. These hospitals are of medium size, with a joint annual Accident and Emergency new attendance of 112,000. The audit set out to determine:
• What happens to head injured patients from presentation at A&E to discharge?
• What information is collected from presentation to discharge?
• What are the implications of CT guidelines for information collection and referral rates to radiography?
Information was thus collected on all patients presenting at the two A&E departments for the calendar month of April 2003 with an initial complaint of head injury. Patient details were extracted from the central computer system using search criteria of attendance at A&E in April 2003 as well as the initial complaint of head injury. The definition was according to local protocols and coding, and those with primarily facial injuries are excluded. Data was obtained for each patient with respect to their name, attendance date, hospital number, and date of birth, sex, arrival time, departure time, destination, disposal, and initial complaint.
Additional data was collected retrospectively from the A&E records on which information was recorded contemporaneously at presentation of the head injured patients. This included the mode of arrival at hospital, Glasgow Coma (GCS) Score [6] at different stages, vomiting (if more than twice children are kept in), memory of events, any investigations or treatment required, destination after leaving A&E, whether the GP was contacted, and diagnostic-related coding.
The proposed audit was discussed with the chair of the local ethics committee who confirmed the audit status of the work.
Results

Pathways of care
A total of 419 patients presented at the two A&E departments during April 2003 with the initial complaint of head injury. Median age was 15.5 years (IQR 4-35) and 61% were male. Just over one-quarter (26%) were brought by ambulance. When data for the two hospitals was compared, there was no significant difference between hospitals in the ages of those presenting (t = -1.397; p = 0.163), in their gender (Chi-Square = 0.204; p = 0.652), or in GCS at presentation (t = -0.102; p = 0.919). Given this, the data was combined for further analysis.
Initially patients are triaged, and subsequently admitted or discharged after review. Figure 2 shows a summary of what happened to the patients according to their GCS on presentation. Of the 419 patients presenting, only 244 (58%) had their GCS recorded. Of those where GCS was not recorded, 26 (15%) did not wait to be further assessed by a doctor after triage. Eleven of those remaining in the department (7%) were admitted to hospital. Of the 244 patients (58% of the total) whose GCS was recorded, 9 (4%) did not wait for review. Of those who waited, 11 (5%) had a GCS of less than 15 on presentation, 7 of whom (64%) were admitted, with the remainder discharged to their previous place of residence. Of those who waited in A&E and had a GCS of 15, 15 (7%) required admission.
Of the 33 head injured patients admitted 14 (42%) were children under 16 years of age, all of whom were discharged with 48 hours. 13 patients aged 16-74 years were admitted and 10 of these (77%) stayed for less than 48 hours. Of these three who stayed longer, two were transferred to a neurosurgery department following a CT scan, one of whom was subsequently discharged home with definite neuropsychological sequelae. This patient was subsequently referred back to rehabilitation. Of the elderly group, only 17% were discharged within 48 hours. Two patients subsequently died in hospital and the remainder were discharged home. Cause of death was not recorded as part of the audit.
Information recorded
Less than three-in-five (58%) had a GCS recorded. The number of times GCS was recorded within the A&E department was found to be significantly higher in the population who were admitted, as might be expected under these circumstances (mean 1.03 in discharged population, compared to admitted population, mean 2.73) (t = -2.936; p =< 0.01). Whether the patient reported any amnesia (as either present or absent) was recorded in 7% of cases, and this (recorded or not) was found to have no association with admission (Chi-Square = 1.998; p = 0.157).
Several procedures and interventions were recorded. Assessment of the pupils was common, with 290 patients (70%) having their reactivity recorded and 58% having their GCS recorded. Considering radiological investigations, 142 (34%) of the presenting 419 patients had a skull x-ray recorded with 27% of children under 16 receiving a skull x-ray, 38% of those aged 16-74 and 59% of the 75 and over. In comparison, 6 out of 419 patients had a CT scan of their head recorded, which is equivalent to 1%. Four of these were performed when the GCS was less than 13, one when the GCS was 15, and one when GCS was not recorded.
Of the patients who were discharged home from A&E, 64% were recorded as being given a head injury advice card which provides information about the possible complications of head injury and symptoms to look out for, indicating that the patient should return to A&E. A 24-hour telephone number was also available for each hospital. Over four in five (85%) of patients' GPs were contacted after their discharge from A&E with specific clinical details of the head injury; all others received a routine computer generated notification of attendance. It is not clear why this was so in certain cases. In this case a significant difference was found between hospitals (Chi-Square = 11.827; p =< 0.001).
Guidelines for indications for a CT scan of the head
Of the ten indicators listed in the NICE guidelines as indicative of a CT scan, only four were routinely collected in these two hospitals, and only one, age, and had complete data. As we do not have reliable recording of amnesia we have used three indicators for the calculation of increased radiology workload.
These indicators include 1) the number of people with a GCS of less than 13 on presentation; 2) the number of people aged 65 and over and 3) those given an x-ray and subsequently admitted (Admission following skull x-ray is used as a proxy indicator for concern about findings of the x-ray, or suspicion about serious mechanism of injury). We then modified indicator 2, which accords with the Canadian CT guidelines [7] upon which the NICE guidelines were based, and constrained those aged over 65 to have an additional indicator present. Thus we can give crude (lowest) estimates for those who are likely to conform to Canadian guidelines, through to those likely to be eligible under the NICE guidelines, which add conditions to those aged over 65 years ( Figure 1 ).
From this we are able to estimate that 55 patients would have met the requirements for a CT scan under the Canadian guidelines, through to 26 eligible for a CT scan under the NICE guidelines, 5 of whom were over 65. The audit shows that all six people who were scanned met the NICE criteria.
These data suggest that four times as many CT scans of the head will be required in each hospital under NICE guidelines, as are presently undertaken, and up to nine times as many under the less constrained Canadian guidelines. As this estimate is based on only three of the ten indicators, two of which were incomplete, this range (of 4-9) should be considered as the minimum increase in the number of scans required with the Canadian based estimate as the upper bound of demand.
Care pathways for presentation of head injury at two District General Hospitals Figure 2 Care pathways for presentation of head injury at two District General Hospitals.
Discussion
Head injury is a common condition presenting to Accident and Emergency departments. The rate audited in this report represents an annual presentational incidence of 1520 per 100,000 people for the locality. The extrapolated annual hospitalised incidence rate is 126 per 100,000, much lower than other published data [8] . However, four factors may influence this. Firstly extrapolating from one month may lead to bias in estimates, either under-or over estimating incidence presented. Secondly, incidence is known to vary considerably by locality, predicated on demographic and socio-economic factors [8] and, thirdly, some of the most severe patients may be triaged by the ambulance service directly to the regional neurosurgical centre. Nevertheless, the latter will be relatively few in number. Finally, the changing management of people presenting, with greater emphasis on sending people home with information cards, rather than admitting for observation, possibly as a result of a reduction in short stay "observation" beds over the last decade. This may be having a general effect in reducing admission rates and thus reducing the viability of historical compatibility.
It is likely that the guidelines introduced in 1984 and since modified have contributed much to the increase in the number of CT scans requested and performed on head injured patients in the UK [1, 8] . This has been made possible by the greater availability of 24 hour CT scanning in the UK. Nevertheless, current practice in the UK CT scanning is reserved for patients considered to be at high risk of intracranial complications, whereas in the USA, CT scanning is performed in 75-100% of patients with a normal GCS and loss of consciousness [9] . The results of this audit show that only a small number of CT scans were done, but should the NICE guidelines be implemented then the number would be increased at least four-fold in these two hospitals.
Another important finding of the audit was the incomplete recording of information within the A&E departments, despite both using the same protocol. Those patients who decide to go home before any information can be recorded will contribute to this loss of information. The absence of recorded information does not of course imply the absence of the action, but in a busy A&E some mechanism must be introduced to facilitate accurate recording of activities. One solution would be to introduce a standardised proforma for head injured patients in A&E [1] . This could have a checklist of tests, procedures, and interventions, which may be required for management, including collecting the relevant indicators for a CT scan. A reminder to ask about amnesia, including distinction between ante grade and retrograde amnesia may be prompted for, as required by the NICE guidelines. However, in the two hospitals audited, this would require a radical overhaul of existing documentation, which currently contains only a designated area for recording GCS and pupil reactivity and even these, as we have seen, are not always completed.
A number of patients do not wait to be seen in the A&E department after initial triage, some of whom do not have their GCS recorded, yet if the NICE guidelines are going to be followed then a number of these people may require scanning. This raises potential medico-legal issues. Another important point is that admission decisions appear to be made on other criteria apart, or additional to initial GCS, as equal proportions of those where the GCS was recorded or not were admitted. Thus the potential impact of the implementation on the NICE guidelines on admission criteria and hence use of resources will also need to be considered. Likewise, some thought will need to the impact on the admission of children with head injuries. Whereas just two children were given a scan during the audit period, our results would imply that 10 would be eligible, 80% of whom had been given a skull xray.
The audit has a number of limitations. There were some problems in case ascertainment with finding the A&E cards. In both A&E departments some cards could not be found. The study relied on the accuracy of the identification and recording of head injury by the A & E staff. They were filed in alphabetical order by hand, making it easy for cards to be filed in the wrong place due to human error. In one hospital all the casualty cards were filed together in drawers, whereas at another cards for children under the age of 16 years were filed separately. There is also no way of telling whether or not these two hospitals are in any way representative of District General Hospital A&E departments in general viz. staffing, skill levels and local protocols, all of which may be highly variable throughout the UK. The variables chosen to record were those most frequently recorded at the time of the audit, to take a snapshot of the impact of the guidelines. A more complete picture of the CT scanning and admission policy may have been given if we had screened for those (albeit more rare) factors such as a dangerous mechanism of injury or those with a suspected coagulopathy. Given accurate recording of such factors, a future audit would look at their incidence over a longer time frame.
The audit process, from presentation at A&E to discharge at the two hospitals, has also shown that what practitioners believe happens in their department is not borne out by data, most strikingly the recording of the GCS. The senior consultant in A&E for the trust remarked that the disparity between what they thought had been done and what had actually been recorded, but commented that the increased requirements for CT scanning was not surpris-ing. Furthermore, if careful documentation of CT indicators is required for all patients presenting with head injury, this must have a resource implication for the numbers of staff on duty, or the wait times, or both. It is possible that medical informatics systems may be able to make a substantial contribution to the information processing and management of those presenting with a head injury, relieving hard pressed staff of some of the burden of data recording and ensuring (perhaps through touch screen technology) that relevant data is recorded. However, once again there are developmental and equipment resource implications in seeking such a solution.
Although senior clinicians in Accident and Emergency medicine are aware of the NICE guidelines, it is possible that in many places it has not been integrated into medical practice. The reasons for this may be lack of knowledge amongst junior staff, which could be addressed by the adoption of protocols for recording information or, perhaps at the present time, the availability of radiology services, particularly out of hours.
Future developments to facilitate better management of those presenting with a minor head injury may also include the identification of patients at risk of longer-term sequelae [10, 11] . Such a process may utilise the power of informatics systems using recent developments in measurement technologies [12] to minimise the burden of assessment for both staff and patients.
Conclusion
Most people presenting to the A&E departments with a head injury in the two hospitals were discharged straight home from the department. The audit showed that of those subsequently admitted, 76% were in hospital for less than 48 hours. Data was found to be incomplete around the GCS, vomiting, amnesia and the length of any loss of consciousness, all being indicators in the NICE guidelines for a CT scan of the head. A considerable investment in the recording of information will be required if guidelines such as those recommended by NICE are to be implemented effectively. The current evidence is that if the NICE CT guidelines were implemented, a minimum four-fold increase in scans would be required, and all that implies for radiology staffing. A prospective audit, including all the NICE guidelines, is currently underway in the two hospitals.
